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was measured from a standing semiﬂexed posteroanterior knee x-
ray and converted to mechanical axis using a prediction equation
with a lower value representing greater varus malalignment. We
performed logistic regression analyses with presence (Grade 1-
3)/absence (Grade 0) of medial tibial or medial femoral BMLs
as the outcome and with peak KAM or KAM impulse as the
independent variable. Covariates included age, gender, body mass
index, static knee alignment and walking speed.
Results: The participants’ mean (SD) age was 65.8 (7.6) years,
body mass index was 28.9 (4.4) m/kg2 and static alignment
was, 178.3° (2.0°). Medial tibial BMLs were found in 58 (64%)
participants and medial femoral BMLs in 55 (60%). The results of
the unadjusted and fully adjusted logistic regression analyses are
shown in the Table.
Results of unadusted and adusted logistic regression analyses
Variables Medial femur Medial tibia
OR 95% CI p value OR 95% CI p value
Peak KAM 1.97 1.13-3.45 0.0171 1.97 1.11-3.49 0.0202
Peak KAM* 1.83 0.92-3.64 0.0396 2.22 1.06-4.66 0.0150
KAM impulse 14.98 3.10-72.98 0.0008 12.54 2.63-59.69 0.0015
KAM impulse* 14.39 2.31-89.76 0.0106 9.36 1.53-57.20 0.0097
*Adjusted for age, gender, body mass index, static knee alignment and walking
speed.
Conclusions: Our study clearly demonstrates a strong indepen-
dent relationship between KAM measures and medial compart-
ment BMLs. As the KAM is a valid and reliable dynamic indicator
of medial compartment loading, our results conﬁrm the hypothesis
that greater mechanical loading is related to BMLs in people with
OA. Further, this relation was strongest for KAM impulse providing
further validity to the use of this KAM measure to assess medial
compartment loading
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Purpose: Late-stage osteoarthritis is characterized by the disrup-
tion and loss of articular cartilage, the smooth glossy surface that
covers the ends of long bones, but changes begin in the tissue
long before a reduction in tissue thickness can be diagnosed.
Articular cartilage changes typically appear ﬁrst at the articular
surface before progressing towards the deep zone; hence, the
integrity of the surface seems paramount to cartilage health. The
aim of this study is to evaluate changes in surface microstructure
and indentation stiffness of control vs. treated articular cartilage in
a canine model of early experimental OA using scanning atomic
force microscopy (AFM).
Methods: Experimental Model. Unilateral cranial cruciate ligament
transection was performed on the hind limbs of 6 mixed breed
dogs. The contralateral joint served as an internal control. The
animals were sacriﬁced at roughly 14 weeks after surgery (95±9
days). One limb was dissected immediately after necropsy; the
other was stored intact at 4°C overnight. Osteochondral explants
were harvested from the medial aspect of the femoral condyle. The
cartilage surface was continually irrigated with PBS to maintain
hydration and care was taken not to touch the cartilage surface
during sample preparation. Specimens roughly 5×10 mm and 2–
3 mm thick were carefully excised. The bony surface was then
ﬁxed with cyanoacrylate to a glass slide. Once the glue was dry,
the sample was immersed in PBS, and allowed to equilibrate for
20–40 minutes while the AFM was set up.
Atomic force microscopy. Experiments were conducted using a
NanoWizard III AFM (JPK Instruments, Berlin). AFM probes were
constructed by gluing a borosilicate glass sphere with a nominal
radius of 2.5μm onto the end of a tipless silicon cantilever whose
nominal spring constant was approximately 40 nN/nm. The fol-
lowing outcome measures were evaluated for at least 3 separate
locations on each explant. Surface topography was evaluated for
50μm × 50μm (128×128 pixels) contact mode scans acquired
at a constant tip force of 0.5μN, and a scan speed of 25μm/s.
Surface roughness was calculated as the average of the RMS
roughness for each of the 128 scan lines. Indentation stiffness
was evaluated for 128 cyclic load - deformation curves acquired
at 2Hz directly following topographical imaging. Four load mag-
nitudes were evaluated: 0.5, 1, 2 and 5 μN. The indentation
stiffness, k, was calculated from the slope of a tangent drawn
through the upper 50% of the force - deformation curve, and an
estimated Young’s Modulus was calculated using a Hertz con-
tact model (JPK Image Processing, JPK Instruments, Berlin) with
Poisson’s ratio set to 0.4.
Results: Signiﬁcant differences were observed in both surface
roughness and indentation stiffness. Surface roughness over
the 50μm × 50μm image area increased from 390±216nm to
1095±340nm for contralateral compared to treated specimens
(Figure 1).
Figure 1. 3D projection of cartilage surface topography (roughness) from A) ACL
transected vs. B) contralateral joints.
Indentation stiffness (modulus) was signiﬁcantly reduced in carti-
lage from ACL transected joints compared to contralateral controls
(Table 1).
Table 1. Mean indentation stiffness and modulus for 2μN indentation force
Mean Indentation Stiffness Mean Estimated Young’s Modulus
[N/m] [kPa]
ACL transected Contralateral ACL transected Contralateral
1.84±0.034 2.64±0.044 238±57 610±144
Conclusions: AFM is a sensitive tool for detecting both functional
and structural biomechanical changes at the micron scale. Results
from this study suggest that AFM can be used to detect signiﬁcant
functional changes in cartilage surface behaviour before overt
macroscopic ﬁbrillation is evident.
